The capacity of morphine to suppress natural and precipitated withdrawal was compared in morphine-dependent rhesus monkeys.
INTRODUCTION
Narcotic antagonists have been extremely important historically in terms of the identification of opiate receptors, investigations of the homeostatic role of endogenous opioids, generally as tools in all areas of opiate research, and of course, clinically. Interest in antagonists has been further heightened by the introduction of long-lasting narcotic antagonists in opiate-addiction therapy [l] , and the synthesis of opiate receptor alkylators such as beta-chlornaltrexamine [2] . This laboratory has been investigating various properties of opiate antagonists using behavioral preparations. In the present study, the morphine-dependent monkey was used to investigate the reversibility of novel opiate antagonists.
METHODS

Subjects
Group housed monkeys trained to receive injections were tested weekly. Their overt behavior was monitored continuously throughout the test sessions by two experienced observers familiar with the individual animals. General muscle relaxation and stupor grades were given according to the descriptions in Table 1 . Monkeys were made dependent by administering morphine sulfate (3 mg/kg, s.c.) every 6 h for at least 3 months. Higher withdrawal severity grades were given with an increase in the number and severity of withdrawal signs [3] . Suppression of withdrawal was tested starting 14 h after the last maintenance dose of morphine (deprivation-induced withdrawal), 0.5 h after naloxone or 1 h after buprenorphine, cyclazocine, MR 2266 ((-)-5,9-diethyl-2-(3-furylme,thyl)-Z'-hydroxy-6,7-benzomorphan), naltrexone and Win 44,441 ((2~,601,11S)-(-)-1-cyclopentyl-5-(1,2,3,4,5,6-hexahydro-8-hydroxy-3,6,ll-trinethyl-2,6,-methano-3-benzozocin-ll-yl)-3-pentanone methanesulfonate) (precipitated withdrawal). Morphine was given cumulatively every 30 min such that the dose increased by 4 or e-log units.
TABLE 1
Scales by which monkeys were graded for general muscle relaxation (according to the position animals take while sitting still) and stupor (according to the animals' response to external stimuli).
Grade
Muscle Fig. 1 ; morphine-induced muscle relaxation was similarly antagonized. Twenty-four h pretreatment with naltrexone (10 mgikg) did not antagonize the observable effects of cumulative morphine.
Dependent Monkeys
An [6] found that significantly higher doses of diprenorphine were required to reverse, rather than prevent, agonist effects of buprenorphine in the rat. These studies demonstrate the extraordinary stability of the buprenorphine-receptor complex. The fact that buprenorphine-induced withdrawal could be reversed by subsequent morphine administration, however, indicates that buprenorphine is not absolutely insurmountable in this system, whereas beta-funaltrexamine-induced withdrawal, for example, cannot be reversed by morphine 171. Suppression of withdrawal is a useful and simple procedure for the in vivo estimation of the reversibility of antagonists.
In summary, the results indicate that (a) abstinence severity is related to the vacancy of opiate receptors normally occupied by morphine and (b) the suppression of withdrawal by morphine provides information as to the relative reversibility of opiate antagonists.
